ABSTRACT
INTRODUCTION
Unlike many other mammals, one-hoofed (Equidae, Mammalia) animals have guttural pouches (diverticulum tubae auditivae), which are ventro-lateral outgrowth of the mucosa of the auditory tubes (tuba auditiva, s. Eustachii).
Despite the acknowledgement of the existence of such well defined anatomical structures, the question of their physiology has not yet been definitively answered. A k a e v s k y [1] believe that the guttural pouches have developed due to an increase in the mobility of the occipito-atlantic joint in one-hoofed animals. Another author noted that such structures are necessary for the balancing of the pressure during more intensive locomotion activity (unlike other animals) [11] . Others believe that the guttural pouches serve to cool the blood that goes to the brain during prolonged physical activity [6, 7] . However, the last statement was rejected folowing the conduction of experimental studies [10] . Thus, until the present day, the function and origin of the guttural pouches of horses remains unknown. The conduction of our own research has demonstrated that the wall of the guttural pouches of the horse has a special structure -dense vascularization with a large surface area and thin blood-gas barriers [4] . Such a structural arrangement in the organ's wall which is filled with atmospheric air, give it an opportunity to participate in gas exchange in conditions of constant air circulation. In this regard, we suggested a working hypothesis that the guttural pouches of horses may be an additional organ of gas exchange. We conducted a biomechanical study in order to seek support of this hypothesis and also to trace the possible evolutionary pathway of the development of this organ in the horse.
MATERIALS AND METHODS
The materials for this study (15 heads of horses Equus Samples of separate parts of the guttural pouch walls (size 1 × 1 cm) were fixed in 10 % formalin. They were embedded in paraffin blocks and were cut (thickness 20 µm) by a microtome-cryostat MK-25'Technologist' (Russia). Thin serial sections (up to 8 µm) of the paraffin blocks with the fixed material in the longitudinal and transverse directions were cut by using the microtome MC-2 (Ukraine). These sections were stained by hematoxylin-eosin by Ehrlich, hematoxylin by Van Gison, trichrome by Mallory and azure-2-eosin and analyzed by using the optical microscope Axio Imager M1 Karl Zeiss (Germany) with a built-in camera.
RESULTS

Topography
On the sagittal sections of the horse's heads, it was determined that the guttural pouches were located in the postero-jaw part of the parotid area. The anterior border of the pouch was situated 5 cm rostral from the posterior edge of the mandibular branch, and posterior border -on a line that connected the extremity of the jugular process of the occipital bone with the mandibular angle (Fig. 1) . 
Micromorphology (histomorphology)
The general thickness of the wall of the guttural pouches was from 800 to 1000 µm. The wall was formed by an inner mucous membrane, an inner layer of connective tissue and an outer adventitial covering (Fig. 2a) . Lymphoid formations were frequently found on the inner surface of the pouch -mature and immature lymph nodules without membranes in the form of islets which
were formed by such accumulation of lymphoid cells (Fig. 2c) . Their surface was covered by a number of ciliated epithelial cells (Fig. 2a) .
The middle layer of the connective tissue was situated under the epithelial layer (Fig. 2a ). There were numerous plexiform collagen and elastic fibers, large and small blood vessels, glands, among which the networks of lymphatic and blood capillaries with lymphocytes and blood cells were presented (Fig. 2b, d , e). The inner layer of the connective tissue formed numerous micro-folds that increased the total area of the inner surface of the guttural pouch and probably allowed the pouch to increase in its volume (Fig. 2f ).
There were simple mucous and complex multicellular glands in the layer of the connective tissue. Branched glands of an alveolar type with ducts occurred among the multicellular glands (Fig. 2d, f) . The ducts of the glands had thin walls that were covered with low cuboidal epithelium.
These mucous glands secreted their products on to the inner surface of the pouch's wall and kept the inner surface of the pouch moist.
In the parts of the pouch attached to the skull bones, the internal epithelial layer of the mucosa, as well as the middle and capillaries with erythrocytes, 10 -squamous epithelial cells layer of the connective tissue, were much thinner than in the free parts of the pouch; also, the middle layer had no complex glands (Fig. 2b) .
The external layer of the guttural pouch was covered by an adventitial tunica with blood vessels with large and small diameters (Fig. 2b, c) . Unlike the inner and middle layers, the outer layer had no glands.
DISCUSSION
The micromorphological studies revealed the three- indicated that the inner surface of the pouch was formed by columnar epithelial cells forming elongated papillae, and therefore they acted as cilia. Our study confirmed these observations: "that these papillae" are cytoplasmic elongations of epithelial cells of the external row of mucosa cells which spread to the inner surface of the pouch.
The basis of the middle layer of the connective tissue of the guttural pouch was composed of collagen and elastic fibers. Therefore, the pouch had a stable form, but at the same time it had the ability to stretch, especially in the «free» parts of the pouch (ventral and medial walls) that do no attach to the bones of skull. In these areas, a stratified (multi-layered) epithelium of the mucosa was collected in wrinkles -micro-folds. Such structure of the guttural pouch's wall would allow the pouch to change in volume.
The changing of the volume could occur when the air flowed in and out of the guttural pouch and that an aeration of the internal environment of the pouch could be observed.
In the middle layer of the pouch, numerous blood vessels of different diameters and lymph vessels were found.
The capillary network was located close to the epithelial cells of the inner surface of the pouch and could create conditions for gas exchange between the capillary blood and pouch's cavity air.
In our study, mucous glands of complex shape were located in the middle layer of the pouch. Their secretions flow via the ducts on to the inner surface of the pouch. It appears that the constant moisture of the inner surface of the pouch's wall could contribute to the process of gas exchange.
We found blood vessels entering the head running along the guttural pouch's wall in the adventitia. As was mentioned above, on the caudal surface of the guttural pouch, the occipital and internal carotid arteries were located and on the lateral surface of the guttural pouch, the final part of the common carotid artery and its branches were present.
In our opinion, the close location of the vascular network in the wall of the guttural pouch to the cerebral vessels and their branching may contribute to gas exchange be- It is interesting that a group of mammals from the family of horseshoe bats (Rhinolophidae, Chiroptera) that are supposed to be evolutionarily far from one-hoofed mammals has a similar structure of the larynx and soft palate that lead to the same result -horseshoe bats breathe only through the nose [1] . The peculiarity of horseshoe bats (unlike many other mammals) is that in the wall of the cranial part of their trachea, two paired and one unpaired protrusions are formed, whose origin is still unclear. In our opinion, they were formed under the influence of turbulent air flow that entered the larynx through a very short passage.
It is known that in horseshoe bats, unlike, for example, vesper bats (Vespertilionidae), nasal passages are very short [3] .
In our opinion, under the directional air flow (men- If independent researchers used animals in a static state to lend credence to our hypothesis, then in order to prove our hypothesis, observations on animals in dynamic locomotion at different speeds should be designed. Special remote micro detectors (previously attached to the inner wall of the guttural pouch of a horse) which record the passage of air in two directions and analyze its gas composition by transmitting the data to a processor should be used for supporting our hypothesis.
